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INTRODUCTION 


Scope of Report 

The scope of this report is to summarize the work completed 
on Contract No. NAS 9-14942 by Nfotorola Inc., Government 
Electronics Division for NASA, Lyndon B. Johnson Space 
Center. The report will discuss the equipment that was de- 
signed and built, the equipment perfonnance, and any prob- 
lem or potential problem areas. Included as an appendix 
is the Acceptance Test Procedure and Data that was perform- 
ed on the unit November 3, 1976. 


Purpose of Contract 

The purpose of this contract was to design, build, and test 
an engineering breadboard Ku-Band Quadraphase Shift Keyed 
(QPSK) and wideband Frequency Modulated (FM) transmitter. 
This Orbiter Ku-Band Transmitter drawer is to simulate the 
Orbiter Transmitter and meet the functional requirements 
of the 0»'btter communication link. 
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2.0 SUMMARY OF COMPLETED WORK 

2 . 1 General 

Item 1 of the contract, the Orbiter Ku-Band QPSK and wide- 
band FM Transmitter, and item 2, the data, per the contract 
Data Requirements List (DRL) , have been completed. The end 
product hardware was tested at Motorola and accepted by the 
NASA Technical Monitor on November 4, 1976. 

Throughout the contract effort, the data items were submit- 
ted to NASA, JSC, as required. During the design phase, a 
Preliminary and Critical Design Review was held at Motorola. 
Data packages were submitted in conjunction with the reviews. 
Engineering Drawings were submitted when the hardware was 
compl'»ted and a copy of each drawing is included in the 
Maintenance and Operation Manual. The Acceptance Test Plan 
and Acceptance Test Procedure were submitted and, after the 
Acceptance Test, the test data was also submitted. With 
the submittal of the Maintenance and Operation Manual and 
this Final Report, the data requirements of the contract 
are satisfied. 

2 .2 Equipment Descriptio n 

The Orbiter Ku-Band Transmitter, Motorola Part No. 01-P07000K, 
is an engineering breadboard transmitter simulator contained 
in a single drawer suitable for mounting in a standard test 
cabinet. For a complete description of the transmitter and 
its electrical characteristics refer to the Maintenance and 
Operation Manual. 

The equipment was assembled by qualified assembly operators 
and at various points throughout the assembly the equipment 
was inspected by Quality Assurance inspectors. Each module 
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Equipment Description (Contd) 

or subassembly was tested prior to system assembly. During 
the design phase, a stress analysis was periormed on the 
modules in order to detect and correct any over-stressed 
component which might degrade the reliability of the equipment 

Upon completion of the transmitter assembly, the equipment 
was successfully tested according to the Acceptance Test 
Procedure and accepted by the NASA Technical Monitor. 


Equipment Performance 

The Transmitter was tested according to the Acceptance Test 
Procedure (12-P07001K) to verify proper operation and com- 
pliance with the technical requirements of the contract as 
specified in the Statement of Work. The performance is sum- 
marized in the ATP data which, along with the test procedure, 
is included In the appendix. 

The Acceptance Test, as witnessed by the NASA Technical Moni- 
tor, was performed November 1-3, 1976 at Motorola. During 
the testing, it was noticed that the OPSK spectrum was not 
perfectly symmetrical at the higher data rates. It was 
thought that the problem might be corrected by adjusting the 
quadrature of the Mode 1 Modulator and therefore the top 
cover was removed to expose the Mode 1 Modulator for retuning. 
The quadrature was adjusted and the cover replaced. For 
further discussion refer to section 3.2. After the adjustment 
the parameters which might have been affected were retested 
on November 3, 1976. The retest data is attached to the end 
of the ATP and is part of the Acceptance Test Data. 

Where there were contract specifications, test limits were 
established to which the test data was compared. Where 
there were no specifications, the test data was recorded for 
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2.3 Equipment Performance (Contd) 

information only. As shown by the Acceptance Test Data, the 
Transmitter meets all the requirements as specified In the 
Statement of Work of the contract. 

3.0 PROBLEM AREAS 

3 . 1 Specification Koncompllances 

The Orbi* 'r Ku-Band Transmitter complies with all specifi- 

cations of the contract Statement of Work and all agreements 
as documented in the minutes of the Preliminary Design Re- 
view of April 22, 1976, and the Critical Design Review of 
July 12, 1976. 

3.2 Other Equipment Characteristics and Recommendations 

Although the Transmitter complies with all the specifications, 
there are three areas, not specified in the contract, where 
the performance is further described. The three areas are 
listed below along with any recommendations. 

The first condition is a minor nonsymmetry in the spectrum of 
the QPSK modulation. The nonsymmetry is noticeable at the 
output of the Mode 1 Modulator. The nonsymraetry between tne 
upper and lower J1 modulation terms is negligible at data 
rates up to 20 Mbps. At the highest data rate of 100 Mbps 
the nonsymmetry is approximately 2.6 dB. The nonsymmetry 
appears to be caused by frequency roll off of the upper J1 
terms at the higher data rates. Preliminary testing between 
the transmitter and the TDRS simulator has not indicated 
any significant performance degradation at the higher data 
rates. Although this performance is not as desired, it is 
believed that this will not significantly degrade the system 
performance. Therefore, it is recommended that the Trans- 
mitter be left as is unless serious degradation occurs. To 
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3.2 Other Equipment Character lat lew and Recommcnd.it ions (Contd) 

correct this problem, the Mode 1 Modulator would probably 
need to be redcHlKnud usinj; hluher frequency components. 

Another characteristic of the Mode 1 Modulator is the chanj,e 
in incidental AM of the output waveform with the chang* of 
power unbalance. The incidental AM is difficult to observe 
at the output but can be seen at the Mode 1 Modulator output 
on a high frequency sampling oscilloscope. The amount of 
AM at the Mode 1 Modulator output is not the same as at the 
Transmitter output since there is limiting which occurs after 
the Mode 1 Modulator. The AM has been adjusted for minimum 
at an HO ^?0 power unbalance and it Increases to about 8T at 
50/50 at the module output. The minimum was set at an 80/20 
unbalance since that is the normal power unbalance setting. 

It is not known whether the incidental AM will cause system 
performance degradation. Therefore, it is recommended that 
the Transmitter be left as is unless serious degradation 
occurs. To correct the problem would probably require re- 
designing the Mode 1 Modulator to eliminate possible circula- 
ting ground currents. 

The third condition involves modulation Input compatibility 
for the d2 and d3 inputs. The levels, as summarized in the 
Preliminary Design Review data packa^je, were to be TTL levels 
(0-5 volts nominal). The actual operation requires input 
levels of 0 to +0.8 volts for a logic *’0" level and a minimum 
of +4.0 volts for a logic "1" level. The logic *'0" voltages 
are TTL compatible. The logic "1" voltages are not strictly 
TTL comoatible. Technically, Icgic "1" voltages can be as 
low as +2.4 volts. If the voltage drops below +4.0 volts, 
modulation degradation will occur as evidenced by reduced 
carrier suppression. If the input voltages cannot be main- 
tained at greater than +4.0 volts, then the input transistor 
stages for these data inputs can be redesigned to accommodate 
the desired voltage levels. 
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4 . 0 CX)NCU’S TONS 

Ah dcmonstratod by the Acceptance Test, the Orblter Ku-Band 
Transmi t t«T meets the requirements of the contract as 
specified in the Statement of Work. There are three areas 
where tlie performance is less than desired tlioii^h adequate. 
These items alon^ with recommendations were discussed in 
section 3.0, Problem Areas, It is believed that this trans- 
mitter simulator meets the functional requirements of the 
Orbiter communication link as defined in the contract and 
understood by Motorola. 

As a result of dellvorinK item 1, the transmitter hardware, 
and item 2, the data, the contract has been successfully 
completed . 
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This documc*nt fstabl lsh<*s the acccptancf tost pivir oclure and 
lest limits for the Orbiter Ku-Ban<. Transmitter, Motorola 
Part No. 01-P07000K of contract NAS 9-M9-12. 


APPLICABLE DOCUMKNTS 

The following documents arc applicable to the Orbit cr Ku-Band 
Transmitter and form a part of this document to the extent 
specified herein. 


Document 
Exhibit A of 
Contract NAS 9-l<1912 


Title 

Statement of Wovk for 
Orbiter Ku-Band Transmitter 


70-P06928K 


Orbiter Ku-Band Transmitter 
Out 1 i ne Drawi nfj 


TEST EQUIPMENT REQUIRED 


The test equipment listed or its cfjuivalcnt will be requir- 
ed to perform this test. The equipment used shall have a 
current calibration sticker where reejuired. 
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GENERAL 


I 


4.1 PURTOSE OF TEST 

The purpose of this transmitter .'iccept.'ince tost is to 
verify proper operation and conformance with the technical 
requirements of the contract as specified in the Statement 
of Work, Exhibit A. The parameters tested or calculated 
will be recorded and compared with the test limits on the 
data sheets where specified in the Statement of Work. In 
addition, there will be performance and capability tests I 

for information only with no tost limits. i 

i 

TEST CONDITIONS 1 

The tests shall be performed under normal ambient conditions 
with the transmitter operating; on the bench. There shall ^ 

be a mininium of one hour waim-up for the transmitter and 

1 

test equipment prior to testi’if^. ^ 

i 

TEST SEQUENCE 

i 

The tests contained herein may be performed in any sequence. 1 
4.4 STANDARD OPERATION AND SETTINGS | 

I 

Unless otherwise specified, the inllowin^ standard settings ' 

and operation shall be used: 1 

Ku-Band Frequency - 15.00K5 GHz i 

I 

Subcarrier Frequency - 8.5 MHz I 

Subcarrior Power Unbalance - 80/20(6dB difference) j 

Mode 1 Power Unl^alance - 80/20(6dR d i f f ei-ence) 

Subcarrier Level - 0.25 VRMS (50 52) 

‘u.a.i 1 ion - 50 MHz. sf|uare-wa ve , ECL levels, -.9 and 
- I . 8 volts nom i na 1 
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(Cont i nucd ) 


cl2 Modulation - 192 KMz square-wave, TTL levels, 

0 and 5 volts noTiinal 

d3 Modulation - 2 MHz square-wave, TTL levels, 

0 and 5 volts riominai 

Video Modulation - 1,2 MHz sine-wave, 0.40 VRMS(50i2) 

Select Subcarrier On if either Mode IB or 2 is 
selected . 


5.1 

5.1.1 


ELECTRICAL TESTS 
Frequency and Stabilit' 


Connect the equipment as shown in Figure 1. With no modu- 
lation present, measure and record the minimum and maxi- 
mum frequency by adjust in^ the Frequency Adjust control. 


5.1.2 Adjust tho fiequency for 15.0085 GHz. Select Mode 1 and 
record the frequency. Select Mode 2 and record the Ire- 
quency . 

5.1.3 After one hour has elapsed since paranraph 5.1.2, select 
Mode 1 and measure and record the frequency. Select Mode 
2 and measure and record the frequency. Do not adjust the 
frequency between the test of 5.1.2 and 5.1.3. 


5 . 2 RF Bandwidth 

5.2.1 Connect the equipment as shown in Figure 1. Apply a 

signal of +2 dBm at 488.5 MHz to the 488.5 MHz IN connector. 
Measure the Ku-Band output power. Vary the frequency on 
both sides of 488.5 MHz and measure and record the frequency 
difference where the response i*- dowti IdB. Repeat for the 
3dB response. Calculate the b'-.ndwidths . 
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5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.4 


Output Power 

Connect the .*quipment ."is shown in Figure 1 . Select Mode 

lA. With no modulation measure and record the output 
power . 

Select Mode lA. Modulate dl and d3 with the standard con- 
ditions. Measure and record the output power. 

Select Mode IB and Subcarrier On. Modulate dl, d2 , and d3 
with the standard conditions. Measure .*\nd record the out- 
put power. 

Select Mode 2 and Subcarrier Off. With no modulation 
measure and record the output power. 

Select Mode 2 and Subcarrier On. Modulate d2 , d3, and 
video with the standard conditions. Measure and record 
the output power. 

FM Frequency Response 


5.4.1 Connect the equipment as shown in Figure 2 . Select Mode 

2 and Subcarrier Off. Apply a 500 KHz sine-wave of approxi- 
mately 400 mv RMS to the video input. Measure and record 
the demodulator baseband output level in dB. While keep- 
ing the input level constant, vary the frequency and mea- 
sure and record the response. 

5.4.2 Apply a 10 MHz sine-wave of approximately 250 mv RMS to the 
Subcarrier Input. Measure and record the frequency response 
of the Subcarrier Input. 


i 
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5.5 


FM Deviation Sensitivity 


Connect the equipment as shown in FiRure 3 . Select Mode 

2 and Subcarrier OFF. Apply a 500 KHz sine-wn»'e to the 
Video input. Adjust the siRtial level for 2.'103 radians 
(first carrier null). Measure and record the input voltaRC 
and calculate the deviation sensitivity. 


SENSITIVITY (MHz /v) = 


1.202 MHz 


707 RMS 


input volt age (RMS) PK Vi n (RMS) 


5.5.2 Repeat 5.5.1 apply inR an 8.50 MHz sinewave to the QPSK Sub- 
carrier input. Adjust the siRnal level for 1.202 radians 
(first carrier null of the second harmonic at 977 MHz.) 

SENSITIVITY (MHz/v) = 

Vin(RMS) 

5.5.3 Apply a DC voltaRC to the Video input. Verify that a 
positive voltaRe increases the frequency. Verify Miat the 
carrier frequency can be deviated at least plus and minus 
20 MHz. 


FM Deviation Linearit' 


5.6.1 Connect the equipment as shown in Fipure 2 . Select Mode 

2 and Subcarrier Off. Apply a DC voltaRO to the Video in- 
put. Measure and record the output frequency for the Riven 
input voltaROs. Calculate the frequency chanRC for each 
voltaRe step and calculate the DC linearity. 


Af max -Af min 

% LINEARITY = X 100 

Af max +/\f min 
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5,6.2 Apply a -1.0 MHz sinc-wavo to the Video input. Measure and 

record the input voltage and the Demodulator output voltage. 
Calculate the total system sensitivity CS) for each level and 
from that calculate the deviation linearity. 

. _ Vout (demod out) 

^ Vin (video in) 


5.6.3 


5.7 


% LINEARITY = 


S max -S min 
S max +S min 


X 100 


Apply a MHz sine-wave to the QPSK Subcarrier input. 
Repeat 5.6.2. 


FM Harmonic Distortion 


I 

I 


I 


5.7.1 Connect the equipment as shown in Figure 2 . Select Mode 

2 and Subcarrier Off. Apply a 4.0 MHz sinewave of 0.40 VRMS 
to the Video input. Look at the demodulated output on the 
spectrum analyzer and measure and record the relative level 
of the harmonics. Calculate the harmonic distortion. 


% DISTORTION 




X 100 


10 exp 


relative level (-dB) 


l3vel of fundamental 


20 

V 


,th 


n 


level of n'*" harmonic 
/Cu 

5.7.2 Repeat 5.7.1 applying a -HV MHz sinewave of VRMS to the 

QPSK Subcarrier input. 
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5.8 

5.8.1 


5.9 
5.9. 1 


5.9.2 


5.9.3 


5.10 

5.10.1 


Subcarrier Fi'etiucncy 

Connect the equipment as shown in Ficuro 4 . Select the 

Subcarrier On. Monitor the QPSK Subcarrier Out and measure 
and record the OPSK Subcarrier frecjuency for each setting 
of the Subcarrier Frequency Select Switch. 

Subcarrier Data Rate and Deviation 


Connect the equipment as shown in Figure 5 


Select Mode 


2, Subcarrier On, and 8.5 MHz. Adjust the Subcarrier L/'vel 
for 0.25 V'RMS which is alxjut 6 MHz peak deviation. Apply 
standard modulation to the d2 and d3 inputs. 

Observe the demodulated output on the spectrum analyzer. Adjust 
the Subcarrier Unbalance for 50/50 (equal d2 and d3 J1 side- 
bands) . Adjust the square-wave modulation for best symmetry 
and carrier null. Measure and record tlie level of the carrier 
and the Jl sidebands relative to the level of the unmodulated 
carrier . 

Repeat 5.9.2 with a 16 KHz square-wave for d3 and a 96 KHz 
square-wave for d2. 

Subcarrier Power Unbalance 

Connect the equipment as shown in Figure 5 . Select Mode 

2, Subcarrier On, and 8.5 MHz. Adjust the Subcarrier level 
for 0.25 VRMS which is about 6 MHz peak deviation. Apply 
standard modulation to the d2 and d3 inputs. 
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5.10.2 Observe the <!emodu lateil output on the spectrum analyzer. 

While observinR the J1 sidebands, adjust tl>e Subcarrier 
Unbalance lor 50/50 (equal J1 sidebands). Record if a 
50/50 balance is achieved. 

5.10.3* Adjust the Subcarrier Unbalance for 90/10 (the d3 side- 
bands 9.5 dn above the d2 sidebands). Record if a 90/10 
unbalance is achieved. 

5.10.4 Adjust the Subcarrier Unbalance for 80/20 with standard 
modulation. Adjust the square-wave modulation for best 
symmetry and carrier null. Measure and record the level 

of the J1 sidebands and carrier relative to the unmodulat 

ed carrier. 


5.11 


5.11.1 


Incidental AM 


Connect the equipment as shown in Fi^uro 6 . Select Mode 

2, Subcarrier On, and 8.5 MHz. Apply standard video modu- 
lation and standard subcarrier level. 


5.11.2 Measure and record the DC voltace out ol the crystal detector, 
Measure and record the AC voltage peak to peak on the oscil- 
loscope and calculate to incidental AM. 


% AM = 


AC voltage (pk-pk) 
DC voltage x 2 


X 100 
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5.12.1 Connect the equipment as shown in FiRuro 1 . Select Mode 

1, Mode lA, and Subcarrier 01 f. Apply standard modulation 
to the dl and d3 inputs. 

5.12.2 Observe the output on the spectrum analyzer. Adjust the 
Mode 1 Unbalance for 50/50. Adjust the square-wave modula- 
tion for best symmetry and carrier null. Measure and re- 
cord the level of the carrier and the J1 sidebands relative 
to the level of the unmodulated carrier. 

5.12.3 Repeat 5.12.2 with a 4 MHz square-wave for dl and a 16 KHz 
square-wave for d3. 


5.13 


jPSK Power Unbalance 


5.13.1 Connect the equipment as shown in Finure 1 . Select Mode 

1, Mode lA, and Subcarrier Off. Apply standard modulation 
to the dl and d3 inputs. 




5.13.2 Observe the output on the spectrum analyzer. While observ- 
ing the J1 sidebands, adjust the power unbalance for 50/50 
(equal dl and d3 sidebands). Record if a 50/50 balance is 
achieved . 
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5.13.i Adjust the power unbalancf- foi' HO/20 with standard modula- 
tion. Adjust the s(|ua i-e-wa ve modulation lor best symmetry 
and carrier null. Measure and record the level of the J1 
sidebands and carrier relative to the unmodulated carrier. 



5.14.1 Connect the equipment as shown in Figure 1 . Select Mode 

1, Mode IB, Subcarricr On, and 8.5 MHz. Adjust the sub- 
carrier level to 0.25 V'^RMS (50 Q) . Apply standard modula- 
tion to dl and adjust the Mode 1 Unbalance for 80^20 

(the dl sidebands 6 dB above the 8.5 MHz sidebands). Apply 
standard modulation to d2 and d3 and adjust the Subcarrier 
Unbalance for 80/20 (the d3 sidebands 6 dB above the d2 
sidebands) . 

5.14.2 Observe the output spectrum and record if the spectrum ap- 
pears normal for dual QPSK. 

5.14.3 Adjus' the squai-e-wave modulation for best symmetry and 
carrier null. Measure and record the level of the J1 side- 
bands, 8.5 MHz subcarricr, and carrier relative to the un- 
modulated carrier. 


5.15 


Phase Stability 


t 


5.15.1 Connect the equipment as shown in Figure 1 . Select Mode 

1, and Subcarrier Off. With no modulation, measure and 
record the output noise spectrum using the spectrum analyzer. 
Set the analyzer bandwidth as narrow as possible and use the 
10 Hz video filter. At each frequency from the carrier, re- 
cord the .average level of the signal below the carrier and 
the bandwidth used. 
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5.15.1 


(Cont inued) 


The input .'ittonuator and IF Rain nay be adjusted to brinR 
the signal noise out of the analyzer noise floor provided 
the analyzer is still operating in the linear region, that 
is a 10 dB chanRe in the input attenuator can be offset by 
a 10 dB chanpe in the IF Rain. 


5.15.2 


5.15.3 


Calculate the noise density relative to the carrier in dB/Hz 
at each frequency from the carrier. (Conversion to unity 
bandwidth - 10 Ior BW.) 

Calculate the phase jitter by intCRratinR the noise density 
spectrum S0(f) from 100 KHz to 10 MHz usinR the followinR 
formulas . 

I fa t- BW , l 


fa ^ 

0)RMS = 2js <P 


(f ) df 


(A0)p-p = 6 (A0)RMS 


5.16 


Incidental Frequencv Modulation 


5.16.1 Connect the equipment as shown in Fipure 1 . Select Mode 

2, and Subcarrier Off. Repeat 5.15.1 and 5.15.2 and cal- 
culate the noise density spectrum. 

5.16.2 Calculate the incidental FM by intORratinR the noise density 
spectrum S0(f) from 2 kHz to 1 MHz usinp the follow! np 


formula 


fa+BW 


2 f 2 1 

(Af)RMS = HTT If S0(f) df 2 

fa 
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5.17 Input Impodance 

5.17,1 Connect the equipment ns shown in Figure* A , 


5.17,2 Measure nnd record the input impedance and pha^-e for c*ach 
of the inputs and f i’e(|uettc l'>s listed. 


5 . 18 AC Power 

5.18.1 Connect the equipment as shown in Fi(;iii'e A . Measure and 
record the AC input current and calculate the input power. 


5.19 

5.19.1 


Spurious Output Siena Is 


Connect the equipment as shown in Figure 1 . Sele<*l Mode 

1, Mode lA, and Subcarrier Off. With no modulation, mea- 
sure and record the level and fref|uency. relative to the 
carrier, of any signal less than 60 dR below the carrier. 
Scan plus and minus 2 GHz from the carrier. 


5,19.2 Repeat 5.19.1 except select Mode 2, and Subcarrier On. Do 
not record the 8.5 MHz subcarrier. 


5.20 

5.20.1 


Subcarrier Phase Stabilit' 


Connect the equipment as shown in Figure A . Select Sub- 
carrier On and 8.5 MHz. With no modulation, measure and re- 
cord the QPSK Subcarrier Output moise spectrum usinff the 
spectrum analyzer. Calculate the noise density as in 5.15.1 
and 5.15.2. 
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5.20.2 


Calculate the subcarrlor phase Jitter from lOOJiz to 2 MHz 
usiriK the formula in 5.15.3. 


I 


4 
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TEST DATA 


Para. No. 

Parameter 

Data 

Limits 

5.1 . 

Frequency and Stability 



5.1.1 

Minimum Frequency 

^oS' kHz 

Infonnation 


Maximum Frequency 

kHz 

Information 

5.1.2 

Mode 1 Frequency 

•^jOer.Hir kHz 

15,008,500 kHz 
+ 75 kHz 


Mode 2 Frequency 

0 kHz 

15,008,500 kHz 
+ 75 kHz 

5.1.3 

After one hour 




Mode 1 Frequency 

tycfg. kHz 

15,008,500 kHz 
+75 kHz 


Mode 2 Frequency 

kHz 

t i,oc?t, 994: ir Kz 

15,008,500 kHz 
+75 kHz 

1^0 At. ^ 



5.2 

RF Bandwidth ^ 



5.2.1 

Upper 1 dB Frequency 
Lower 1 dB Frequency^l^ 

+«? MHz 
- ^ MHz 

112 MHz Min. 
112 MHz Min. 


v'l? > ' 

1 dB Bandwidth 

V7V.-2. ^^^z 

225 MHz Min. 


Upper 3 dB Frequency 

+ 2HPJ MHz 

Information 


Lower 3 dB Frequency 

- ^19,1 MHz 

Information 


3 dB Bandwidth 

v^/. ^ NOIz 

Infonnation 
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Tested By ^ 


Date 







Para. No. 

Parameter 

Data 


Limits 

5.3 

Output Power 



j 

5.3.1 

Mode lA, No Modulation 


dBm 

+19 dBm Min. 

5.3.2 

Mode lA, With Modulation 


dBm 

+19 dBm Min. i 

i 

5.3.3 

Mode IB, With Modulation 


dBm 

+19 dBm Min. 

5.3.4 

Mode 2, No Modulation 

“^3,0, IS" dBm 

+19 dBm Min. 

5.3.5 

Mode 2, With Modulation 

■^7 0^ '7S^ dBm 

+19 dBm Min. 

. 1 

5.4 

FM Frequency Response 




5.4.1 

Video Input 



C 1 

1 


500 kHz 

0 

dB 

Referenc^ -A« ' 


100 Hz 

JlLq_ 

dB 

+1 dB 


1 kHz 

*0.1 

dB 

+1 dB 


10 kHz 

*0.1 

dB 

+1 dB I 


100 kHz 

*0.1 

dB 

+1 dB 


300 kHz ^ 

t\ *0.2. 

dB 

+1 dB 


1 NOIz 


dB 

+1 dB 


2 MHz 

0 

dP 

+1 dB 


4.2 MHz 

- 0.3 

dB 

+1 dB 


5 ^^^z 


dB 

Infcnnation 


6 MHz 

' 3.1 

dB 

Information 


^ r MUi. 

-^3 

df? 

3 V. rrhn '''• 
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Para. No, 


5.4.2 


5.5.1 


5.5.2 


5.5.3 


Parameter 
Subcarrior Input 
10 NQIz 
9 miz 


8 MHz 


7 Mlz 


6 MHz 
5 MHz 
4 \niz 
3 miz 

2 . 

FM Deviation Sensitivity 
500 kHz, 2.405 Radians 

Input VoltaRe 


Data 

0 dB 
-fQ.Z dB 
^0,1 dB 

-^L 0 dB 
Z dB 

^ LO dB 

0 dB 

0 dB 
^2.0 cin 


Limits 


Reference r - 

Information 

Information 

InfoiTtiation 

Information 

Iniormation 

Information 

Infonnation 
J rric‘ 


Vrms Reference 


Sensitivity / MHz/V 20 MHz/V Nominal 


8.5 MHz, 1.202 Radians 

Input Voltage 
Sensitivity 


Frequency Change for Positive Voltage 
Frequency Deviation +20 NDlz 


Vrms Reference 
MHz/V Information 

hniro Tn( 
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+1.0 Vdc / 0> 2 3 2. mz Ref. 

+0.5 Vdc //C NDIz /0.*22I NQiz Ref. 

0 Vdc MHz Reference Ref. 

-0.5 Vdc MHz JQ.21/ 0 MHz Ref. 

-1.0 Vdc mz /o,071 ^^^Z• Ref. 

% Linearity at DC / ^ % 2% ?*!ax. 


4 MHz, Video Input 




Vin 

Vout 

Sensitivity 

If' 

50 mVrms 

13. S' mVrms 

,270 

v/v 

Ref. 

100 mVrms 

^73 mVrms 

.772 

v/v 

Ref. 

200 mVrms 

^ 2. mVrms 

.77! 

v/v 

Ref. 

400 mVrms 

l/C.O mVrms 

,77S 

v/v 

Ref. 

600 mVrms 

/^C,0 mVrms 

.277 

v/v 

Ref. 

800 mVrms 

c2c?A 0 mVrms 

»27^ v/v 

I 

Ref. 


% Linearity at 4 MHz % 2% Max. 
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Para. No 


Parameter 


Tested By fJ- 

Date i^/l7.(o. . 


Data 


Limits 


5.6.3 


X\M 


I'hl; 


f.r 

-i-W- MHz, Subcarrier Input 


Vin 


Vout 


Sensitivity 


50 

mVnns 

lo.i 

mVnns 

,So^ 

V/V 

Re 1 . 

100 

mVrms 

2U- 

mVrms 

,211 

V/V 

Ref. 

200 

mVrms 

Uo 

mVrms 

. VO 

V/V 

Ref. 

400 

mVrms 


ir.Vrms 

,ii3 

V/V 

Ref . 

600 

mVrms- 

131 

mVnns 


V/V 

Ref. 

800 

mVrms 

nc 

mVrms 


V/V 

Ref. 

900 

mVrms 

UL. 

mVrms 

.37! 

V/V 

Ref. 

_ / 




% Linearity at 44»- MHz 3 , / 


rr 


/o 


In 

■gii Mt wt 


^>hho 

rnu 


5.7 

FM Harmonic 

Distortion 


5.7.1 

4 MHz, Video 

Input 



Frequency 

Relative Level 



4 ^^^z 

0 dB 

Ref. 


8 MHz 

- y/ dB 

Ref. 


12 NDIz 

■fF dB 

Ref. 


16 miz 

- {r^ d3 

Ref. 



^(Th^ 



% Distortion 4 MHz (sf In 

5% Max. 
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Tested By 
Date 


Para No . 
5.7.2 


Parameter 


Data 


\aiz, Subcarrier Input 
Frequency Relative Lev el 




Subcarrier Frequency 

8.5 NDlz 

8.75 NOlz 

9.0 NDIz 
9.25 \DIz 

9 . 5 MHz 

9.75 MHz 

10.0 MIz 


9.M (>Si . 117. 
9.WMo \\7. 

kH! 117 . 
IW.^33 117 


^ .V 

Limits 



^^lz 

0 

dB 

Ret. 

j7 ^ 

^a^z 


dB 

Ref. 


MHz 


dB 

Ref. 

37 

\0!z 

>-(cO 

dB 

Ref. 



(P.iT' 



% 

Distortion MHz /. j 

^/ % 5% Max 


8.5 ^^^z Norn. 

8.75 MHz Norn. 

9.0 MHz Norn. 
9.25 ^^Iz Norn. 

9.5 ^^^z Nom. 

9.75 MHz Non. 

10.0 MIz Nom. 


MOTOROLA INC. 


CODE IDENT NO | 

DWG NO. 

Government Electronics Division j 

A 

94990 

12-P07001K 

a? 0 t EAST VlcnOWELL HOAD 

1 


1 

POS'^ OFFICE BOX 14'7 
• r.OT TSDAUE, AHIZONA P 5 ?f).’ 

'scale 

1 — 

IREVISION '■'^EE" ^7 


't fTl P ' 


Ax/ 7R0^4f) nvvr, rnn»^ r./7«; 




Para. No 



I 


I 


Tested By xy , 

Date „ in6^ r: /^. 

Parameter Data Limits 


5.9 

Subcarrier Data Rate and 

Deviation 


5.9.2 . 

d2 - 192 kHz, d3 - 2 NQIz, 

50/50 



Level of Upper d2 J1 

dB 

-7 dB Norn. 


Level of Lower d2 J1 

-7 2. dB 

-7 dB Norn. 


Level of Upper d3 J1 

'2-2_ “B 

-7 dB Norn. 


Level of Lower d3 Jl 

'7. ^ dB 

-7 dB Norn. 


Level 'jf Carrier JO 

'3 '7 dB 

In fonnation 

5.9.3 

d2 - 96 kHz, d3-16 kHz, 50/50 



^icvel of Upper d2 Jl 

“7 2 . dB 

-7 dB Norn. 


Level of Lower d2 Jl 

" 7 - 2 . dB 

-7 dB Norn. 


Level of Upper d3 Jl 

' 7 . 2 . dB 

-7 dB Norn. 


Level of Lower d3 Jl 

"7 ^ tID 

-7 dB Norn. 


Level of Carrier JO 

“V'-T- dB 

Infonnation 

5.10 

Subcarrier Power Unbalance 


5.10.2 

50/50 Balance Achieved 


Yes 

5.10.3 

90/10 Unbalance Achieved 


Yes 
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Tested By 
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/f7^ 


Para. No. 


Parameter 


Data 


Limits 


5. 10.-1 


80/20 Unbalance, 

d3 - 2 NUlz, d2 - 192 kHz 

Level of Upper d2 Jl ^ dB 

Level of Lower d2 Jl 2^ dB 

Level of Upper d3 Jl dB 

Level of Lower d3 Jl -SIS’ dB 

Level of Carrier -5C, dB 


-11 dB Nom. 
-11 dB Nom. 


-5 dB Nom. 


-5 dB Nom. 


Information 


5.11 


Incidental AM 


5.11.2 


DC Output VoltaRo 
AC Output VoltaRe 


Vdc Ref. 
, OQ^ Vp-p Ref. 


% AM 


5',; Max. 


5.12 


)PSK Data Rate and Deviation 


5.12.2 


dl - 50 ^^^z, d3 - 2 ^^Iz, 50/50 

Level of Upper dl Jl ~ ^ dB 
Level of Lower dl Jl ~ '7 dB 
Level of Upper d3 Jl ^ dB 
Level of Lower d3 Jl ~ S dB 
Level of Carrier JO clB 


-7 dB Nom. 


-7 dB Nom, 


-7 dB Nom. 


-7 dB Nom. 


Information 
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Tostod Fly 
Date 


'CTM' fyvC-Cx. f /y/fe 


Para, No. 


Par.'uneter 


Data 


Liml ts 


5.12.3 


dl - 4 \niz, d3- 16 kHz, 50/50 


Level of Upper dl Jl 
Level of Lower II 
Level of Upper d3 Jl 
Level of Lower d3 Jl 


Level of Carrier JO 


"^.0 dll 

y dB 

-7,0 dB 


f> dB 


-3C 


“7 dB Norn. 


-7 tlB Norn. 


-7 dB Norn. 


-7 UB Norn. 


Infonnation 


5.13 


5.13.2 


JPSK Power Unbalance 


50/50 Balance Achieved 


5.13.3 


5.13.4 


9C/10 Unbalance Achieved 


80/20 Unbalance, 

dl - 50 NDlz, d3 - 2 MHz 


Level of Upper dl Jl 
Level of Lower dl Jl 
Level of Upper d3 Jl 
Level of Lower d3 Jl 


Level of Carrier 


1 ^7.2^ dB 

1 'S’,0 dB 

1 dB 

1 - dB 

'30 dB 




-5 dB Norn. 


-5 dB Norn. 


-11 dB Norn. 


-11 dB Nom. 


In formation 
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Para. No. 


Paramo Lor 


Tested By 
Ija Lc 


Pal. a 


--- 

I.imi is 


5.12.3 

/Ohit-L 7 n\u 

dl - -4-MHr. , d3- 4ill>», 

50/50 

cJ, - J //f ^2. 


Level of Upper dl .J1 

~n.O dB 

-7 dB Nor.. 


Level of Lower dl J1 

' ^ dB 

-7 dB Norn. 

1 

Level of Upper cl3 Jl 

-7,H dB 

-7 dB Nor.. 


Level of Lower d3 Jl 

'7 H dB 

-7 dB Nom. 


Level of Carrier JO 

“""yy dB 

I n t ornalion 

1 5.13 

QPSK Power Unbalance 



1 

5.13.2 

50/50 Balance Acliieved 


Yfs 

5.13.3 

90/10 Unbalance Achieved 

Yes 

^ 5.13.4 

80/20 Unbalance, .c^ 
dl - 50 mz, d3 - 2 .^^^z 


1 

1 

Level of Upper dl Jl 

6» (? dB 

-5 dB Non. 

1 

i 

Level of Lower dl Jl 

- y. -7 dB 

-T) dB Nom. 

1 

1 

Level ol Upper d3 Jl 

-/6.2 dB 

-11 dB Nom. 

■ 

Level ol Lower d3 Jl 

- /o, 'X. clB 

-11 dB Nom. 


Lev<-1 of Carrier 

'.7.Z fIB 

I n 1 onra t i u!i 


I'iiiXlU^lNG PAGE BL/YNK NOT FILMOJ 


MOTOROLA INC. 

S!/fJ 

^ cuur inr/iT 

< lOVt'rrmnn* E IPCt r 0'' D/vi'i'Cn 1 

A 

1 94990 ! 

' FAn* VlDOA! 1- HOAO 

uncT rvrrif c nnv i.i*7 I 

K— — 

1 


1 :»-:>070f-! K 


‘c:o^ 'SO a: r. Aui/oNA 


V'S-w '* 



Para. No. 
5.14 

5.14.2 

5.14.3 


Tfstc'd IJy ^ 

Dal } ^ ^ IS'7(^ 


ParaMoter 


lAial UPSK Operation 


Noimal Spectrum for 
I>aal QI>SK 


Da t a 


')! clI3 

' IL dB 


Limits 


dl - 50 NDlz, 8.5 NOlz Subcarrier, 80/20 
d3 - 2 NDlz, d2 - 192 kHz, 80/20 


Level of Upper dl .11 
Level of Lower dl J1 
Level of Upper d3 J1 
Level of Lower d3 J1 
Level of Upper d2 Jl 
Level of Lower d2 
Level of 8.5 MHz JO 
Level of Carrier JO 


-5 dB Norn, 
-5 dB Norn. 
-16 dI3 Norn. 
-16 dB Nom. 
-22 dB Nom. 


"A. 


dB^^ -22 dB Nom. 
dir W^‘ Information 


Inl ormation 
Infonnation 
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Da t a 
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5.11 
5.1-1 .2 
5.11.3 


Dual QPSK Operation 


Normal Spectrum lor 
lAial QPSK 


cll - 50 .VJIz, K.5 .\ni/. Subrarrici', HU/20 ‘ 

(13 - 2 (12 - 1D2 klf/.. 80/20 
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JO 
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5.15. Phase Stability 


5.15.1,2 Mode 1 

A Freq. 
2 kHz 
4 kHz 
10 kHz 
20 kHz 
40 kHz 
100 kHz 
200 kHz 
400 kHz 

1 NOlz 

2 ^Dlz 
4 \niz 

10 ^^lz 


BW 

dB/Carri 

er 


kHz 


dB 

a3 

kHz 


dB 

^.3 

kHz 

- r7 

dB 

/.o 

kHz 


dB 

1.0 

kHz 


dB 

J.O 

kHz 

-7r 

dB 

3.0 

kHz 


dB 

h, 0 

kHz 

-7E 

dB 

IC.O 

kHz 

-?! 

dB 

3.0 

kHz 

'7<p 

dB 

30^ 0 

kHz 

-7^ 

dB 

3a. 0 

kHz 

-7^ 

dB 


dB/Hz 


77. f 

Ref. 

ij.ii 

Ref . 

JLt 

Ref. 


Ref. 

/oC 

Ref . 

/c?.r 

Ref. 

/O.S' 

Ref. 

//^ 

Ref. 

p/ 

Ref. 


Re f . 


Ref . 

!7S. ^ 

Ref. 
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Ref. 




P-P 

5° p-p max. 


T TO 


o.ffp. V/o' 



I 

I 


MOTOROLA !NC.\ 

1 Governmenf Electronics Division | 

SIZE 1 CODE IDENT NO !0V»G NO. 

A 94990 ^ 12-P07001K 

! 1 

! R;>0' EAST VcDOWELL ROAD 1 

POST OFFICE BOX 1417 

1 SCOTTSOALf , AHI70NA RS7S-,’ 

* ' 

IqnAi p 'REVISION SHEE^ 32 

' r 


AV ZBONIJ lOOA DVVG FOf’VAT f» 7 !> p V/ 7<^ 1 TTI •I'' 


Tested By 
Dat*' 




Para. No. Parameter 

5,16 Incidental Frequency Modulation 

5.16.1 Mode 2 


Data 


Limits 


A Freq. 

BW 


dB/Carrier 

dB/Hz 


2 k;;z 

0,3 

kHz 

■3^ 

dB 


Ref. 

^ 4 kHz 

0,2> 

kHz 

-3o 

dB 

Si? 

Ref. 

1 10 kHz 

0.3 

kHz 


dB 


Ref. 

20 kHz 

d';.3 

kHz 

'MS- 

dB 

Lf, ? 

Ref. 

1 40 kHz 

Lo 

kHz 

-SO 

dB 

mo 

Ref. 


100 kHz \,0 kHz dB 

200 kHz 3^0 kHz zK- dB 

400 kHz 3, O kHz ^<f/ dB 

1 ^D^z IQ' ^ kHz " dB 


lOO^O 

UU. 

Kio.O 


Ref. 

Ref. 

Ref. 

Ref. 
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5.17.2 
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Input Impedances 


Data 


Limi ts 


Video 

DC 

J^Z// 

A_ 


50 ft Norn . 


1.2 ^^^z 

V? 

-a. 


* 50_ru Norn. 

d3 - Mode 2, 

2 ^^^z 


-V 


’ 50ju Norn. 

IB 






d3 - Mode lA 

2 .\n!z 

S/ 

. .V 

Ul° 

* 50v\_ Nora. 

d2 

500 kHz 

S'/ 

. A. 

ml 

* 50a- Nom. 

t'l 

>50 

/c/. 

. A- 

DC 

' lOOju Nom 
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AC Power 


Input Current 
Input Power 
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5.19 


Spurious Output Sinuals 


5.19.1 


Mode 1 


Freq. 


/c ^ jQOt lUT. 
ic' 


dB Below Carrier 


Information 


Infonnation 


Infonnation 


Infonnat ion 


Information 


In formation 


In fonnation 
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Information 
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Mode 2 




Infonnation 


Information 
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Data 
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/ 
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5.20 

Subcarrier Phase Stability 



5.20.1 

A Freq. 

BW 


dB/Carrier 

dB/Hz 



100 Hz 


Hz 

dB 


Ref. 


200 Hz 

10 

Hz 

'S'S' dB 

-Lr 

Ref . 


400 Hz 

30 

Hz 

--^0 dB 

- ri.s- 

Ref. 


1 kHz 

30 

Hz 

'^O dB 

-7% S' 

Ref. 


2 kHz 

/oo 

Hz 

dB 

-7T 

Ref. 


4 kHz 

/dO 

Hz 

■' 33' dB 

-73' 

Ref. 


10 kHz 

300 

Hz 

'^3 dB 


Ref. 


20 kHz 

3oo 

Hz 

' (>0 dB 

■ n? 

Ref. 


40 kHz 

3^0 

Hz 

-7cZ dB 

-7s. s 

Ref. 


100 kHz 

UL 

kHz 

~I3 dB 

-//3 

Ref. 


200 kHz 

/O 

kHz 

dB 

-Qy 

Ref. 


400 kHz 

3.0 

kHz 

-ft>Z dB 


Ref. 


1 NDIz 

3< 0 

kHz 

dB 


Ref. 


2 MIz 

/O. 0 

kHz 

dB 

'IH3, 

Ref. 


5.20.2 


Phase Jitter, 100 Uy. to 2 Mlz ° RMS Infoimation 


^izF 
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EQU I PMENT 


VANUFACTUHER/MODEL 


S /\ or ASSET . CAL I BRAT ION 


AM-FM Signal Generator 

HP HGIOH opt. 002 

6 C.l7/^. 

. . LbJn. 

Test Oscillator 

HP 05 IB 

^ 0C3 qH 

'/ V/7 7 

SiKtial Generator 

HP 626A 


Vj / ( 7 7 

Signal Generator 

HP 608C 


'/h/77 

Pulse Generator 

Data Dynamics 5115 

<? C'/y?r 

'/7U7.7 

I’ulse Generator 

Data Dynamics 5113 

6 oni^ 

f hi /77 

Pulse Generator 

EH 122 


GiA? 

RVS Voltmeter 

HP 3400 



RMS Voltmeter 

HP 3400 


r^l/A7 

Power Meter 

HP 435A 

C- 7 

Y.21&7 

Power Sensor 

HP 8481A 

7 


Spectrum Analyzer 

HP 141T 


■ ^6i/y7 

Analyzer, RF Tuning Section HP H555A 

&C 

A//? 7 

Analyzer. IF Sectioti 

HP 8552B 

G-o'^r.3/ 


Analyzer, Tuninp Section 

HP 8553B 



Frequency Counter 

EIP 351D 

G o s 3 


Vector Imp<'^ance Meter 

HP 4815A 

&027J‘r' 

. ^A/A? 

Crystal Det*ctor 
Digital Multimeter 

HP 8470B 
Fluke 8600A 

lOuJ — 

QO'ilr^n 

'/7^/77 

Osc i 1 loscope 

HP 1710 

G03 ^Yo 7 


2 GHz Hif^h Pass Filter 

Microlab FH 2000 


Waveguide to SMA Adapter 

OSM 20187 AJ 

V/t/ .sTrv 

. 

FM Demodulator 

Motorola 01-P05461J 

mH73 

— 

Variable Attenuator 
Substitute or Additional 

HP P382A 
E(iuipment 
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